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Use of Crossbreedingand BreedDifferencesto MeetSpecificTargetsfor Production
andCarcass Traitsof BeefCattle
KeithE.Gregory,LarryV.Cundiff,andRobertM.Koch'
Introduction
The specificrequirementsfor effectiveuse of breeddif-
ferencesto meetspecificproductionand marketrequire-
ments are: (1) accurate assessment of production
resourcesin regardto availabilityand costs, (2) accurate
assessmentof marketrequirements;Le., valuedifferences
in carcass compositionassociatedwith yield grade and
qualitygrade,and (3) accuratecurrentcharacterizationof
breedsin regardto suchtraitsas: (a)growthrateandsize,
(b)carcasscomposition,(c) milkproduction,and(d)age at
puberty.This informationis neededto identifycontributing
breedsto use inalternativematingsystemsto achievespe-
cifictargetsforproductionandcarcasstraits. The objective
of thebeefcattleindustryis to synchronizeproductionand
carcasscharacteristicsof breedresourceswiththeproduc-
tionresourcesthataremosteconomicalto providein order
tomaximizeeconomicefficiency.
Informationon breeddifferencesis presentedinanother
paperin this report,e.g.,"DifferencesAmongParental
Breeds in Germplasm UtilizationProject.~
The large differences that exist among breeds for most
bioeconomic traits are the result of different selection goals
in differentbreeds. Results from the Germplasm Evaluation
Program at the U.S. Meat Animal Research Center provide
evidence that genetic variation between breeds is of a simi-
lar magnitude to genetic variation within breeds for many
bioeconomic traits. The heritability of breed differences
approaches 100%,whereas, the heritability of differences
within breeds for major bioeconomic traits varies from less
than 10% to about 50%, depending on the trait. Heritability
of breed differences approach 100% because estimates of
breed differences are based on the means of a large num-
ber of individuals from a representative sample. This
results in averaging genetic differences between individuals
within breeds. Estimates of heritabilityof differences within
breeds are generally based on single observations of indi-
viduals for a specific trait. Thus, selection among breeds is
considerably more effectivethan selection withinbreeds.
Breed differences in bioeconomic traits are an important
genetic resource and can be used to achieve and maintain
performance levels that are optimumfor differentproduction
and marketingsituations. In addition to using breed differ-
ences to optimize production and carcass traits or to meet
specific targets, the mating system should be organized to
achieve and maintain high levels of heterosis or hybrid
vigor.
AlternativeMatingSystems
Geneticvariationinalternativematingsystemsis shown
in Figure1 expressedingeneticstandardeviationunits.
Panel1 (Figure1)showsthatgeneticvariationbetween
breedsis approximatelyequaltogeneticvariationwithin
breedsforsomebioeconomictraits. Forexample,mean
percentageretailproductof Herefordor Angusis approxi-
matelysixgeneticstandardeviationunitslessthanmean
percentageretailproductfor Charolais,Limousinand
Chianina.
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Panel 2 (Figure 1) shows the difference between genera-
tions at equilibrium in rotation crosses of two pure breeds
that have a mean difference in a bioeconomic trait of six
genetic standard deviation units. The optimumvaries in dif-
ferent productionand marketsituations for such traitsas: (1)
growth andsize,(2) milk production, (3) carcass composi-
tion, and (4) age at pubertyand is reflectedby zero in Figure
1. If the mean of the two breeds is optimum,then one-half of
the cattle would be more than one genetic standard devia-
tion from the optimum in a rotationalcrossbreeding system
of two pure breeds whose means differ by six genetic stan-
dard deviation units. Retained heterosis at equilibriumfor a
continuous two-breed rotationcrossbreeding system is 67%
of the F11evel.
Another alternative is rotational crossbreeding of F 1
males. This alternativehas some inherent long-termadvan-
tages. Inter-generationvariation (Figure 1, panel 2) can be
minimized in commercial production if breeds chosen to
produce F1's are selected to optimize performance levels in
the F1 cross. Panel 3 (Figure 1) reflects the genetic varia-
tion expected with rotational crossing of AB and CD F1's
where A and C represent a common biological type and B
and D another common biological type. Then, performance
is optimized in each F1 (AB = CD) and in their rotational
cross (AB-CD). Panel 3 (Figure 1) also depicts the genetic
variation expected in rotationalcrossing of F1 males having
one breed in common (e.g., AB-AD, where Band D are the
same biological type).
Panel 3 (Figure 1) shows that rotational crossbreeding
using two different F1's (e.g., AB-CD or AB-AD) or a com-
posite breed based on equal contribution by eachof four
breeds (e.g., ABCD) can result in populations that have
about two-thirds of the animals within one genetic standard
deviation of the optimum. The retained heterosis at equilib-
rium in a continuous rotationof sires using two differentF1's
(e.g., AB-CD) is 83.5% of the F1 level. The retained hetero-
sis at equilibrium in continuous rotation of sires from two
F1's having one breed in common (e.g., AB-AD) is 67% of
the F1 level. The retainedheterosis in a four breed compos-
ite with breeds contributingequally (e.g., ABCD) is 75% of
the F1 level provided the population is sufficiently large to
avoid Inbreeding.
Genetic variation in a composite breed with equal contri-
butions by four breeds is approximatelyequal to continuous
rotation of sires using two different F1's that are approxi-
matelyequal (e.g., AB=CD or AB=AD), (Panel 3).
Thus, a rotationalcrossbreeding system using F1 males
produced from different breeds (e.g., either AB-CD or AB-
AD) is preferred to a rotationalcrossbreeding system using
two pure breeds for using breed differences to achieve a
more optimum additive genetic (breed) composition. It is
either superior or equal to a continuous two-breed (67%)
rotational crossbreeding system for using heterosis.
Similarly, a continuous rotational crossbreeding system
using F1 males of differentbreeds can be competitivewith a
composite breed based on equal contributionby four breeds
for using both heterosis and breed differences to achieve an
optimumadditivegenetic (breed) composition.
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